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Abstract
Background: The chemoresistance of colon cancer cells limits the e�cacy of chemotherapy. miR-188 has
been shown to be down-regulated in various types of cancer. The aim of this study was to explore the
molecular mechanism of miR-188 in drug resistant cancer cells.

Materials and methods: we examined the effects of miR-188 on the sensitivity of colon cancer cells to
oxaliplatin (OXA) by using SW480/OXA cell line. The target of miR-188 was determined by luciferase
activity assay. The cell cycle distribution were detected by �ow cytometry. The expression of p21, Hoechst
33342 staining and Annexin V assays were used to detect the cell apoptosis.

Results: The expression of miR-188 was signi�cantly increased in SW480/OXA cells compared with
SW480 cells. By luciferase assay we found that miR‐188 miRNA binds to RASA1 (Ras GTPase-activating
protein 1, also known as p120RasGAP), and overexpression of miR‐188 inhibited RASA1 expression by
binding to the 3'-untranslated region of RASA1 mRNA. In addition, suppression of miR‐188 enhanced the
chemosensitivity of the oxaliplatin-resistant colon cancer cells. Furthermore, suppression of RASA1
abrogated the increasement of cell apoptosis induced by miR-188 inhibitor, while, overexpression of
RASA1 induced cell apoptosis in SW480/OXA cells. Our results suggested that miR-188 played
chemoresistant role in colon cancer through regulating RASA1 expression.

Conclusion: The �ndings of our study suggest that target miR-188 is capable of enhancing the
chemosensitivity of colon cancer cells by promoting RASA1.

Background
Colon cancer is the third most common cancer with high cancer-related deaths worldwide.
Chemoresistance is still a crucial challenge for the treatment of colon cancer. microRNAs (miRNAs) take
part in complex physiological and pathological processes by suppression the expression of their target
gene through binding to the 3’ untranslated region (UTR) [1]. Each miRNA has multiple targeted mRNAs,
thus consequentially result in a variety of effects [2]. Recently, some studies have highlighted miRNAs
linked to chemoresistant phenotype of different tumors, mainly through abnormal regulation of apoptosis
[3], cell cycle distribution [4], and activity of drug e�ux transporters [5]. Correction of these miRNAs using
miRNA mimics or antagomirs can normalize the gene regulatory network and signaling pathways and
sensitize cancerous cells to chemotherapy. Therefore, miRNA-based gene therapy provides an attractive
anti-tumor approach for integrated cancer therapy.

miR–188 has been shown to be down-regulated in various types of cancer, such as cervical cancer [6],
non-small cell lung cancer [7], gastric cancer[8], glioma [9], coloretal cancer [10], oral squamous cell
carcinoma [11], hepatocellular carcinoma [12], prostate cancer [13], acute myeloid leukemia [14] and
rectal cancer [15]. Previous studies showed that miR–188 expression was signi�cantly down-regulated at
the tumor sites and cancer cells [13]. In vitro transfection of miR–188 reduced cell proliferation and
migration potential and promoted cell apoptosis [7]. In xenograft model, miR–188 inhibited tumor growth
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derived from cancer cells [7]. In colon cancer, miR–188–3p has been shown as a novel independent
prognostic factor in colorectal cancer patients, which can be partly explained by its effect on MLLT4
expression and migration of cancer cells [10]. More importantly, miR–188–5p was correlated with
complete pathological response to neoadjuvant chemoradiotherapy in locally advanced rectal cancer
[15]. However, the molecular mechanism of miR–188 in drug resistant cancer cells have not been found.

RASA1 (Ras GTPase-activating protein 1, also known as p120RasGAP), is the �rst identi�ed RasGAP
protein. RASA1 has been involved in many biological processes including actin �lament polymerization,
cell apoptosis and migration [16]. RASA1 has also been proven to be a cancer suppressor gene in many
types of cancer [17–25]. RASA1 suppresses the actions of RAS by enhancing the weak intrinsic GTPase
activity of RAS proteins, leading to an increase in the inactive GDP-bound form of RAS, which leads to
aberrant intracellular signaling through the RAS-RAF-ERK pathway. Previous study showed that RASA1
protein levels were signi�cantly decreased in colon cancer cells and RASA1 was a target gene of miR–21,
promoted malignant behaviors of colon cancer cells [26]. RASA1 up-regulation inhibited cell proliferation
and turned off the RAS signaling pathway [26]. Additionally, miR–223 and RASA1 demonstrated an
inverse correlation in colorectal cancer (CRC) patients tissues [27] and RASA1 was validated as a target
of miR–335 which was downregulation in CRC [28]. Besides, several studies indicated that onco-
microRNAs (micorRNA–21 and micorRNA–182) can promote tumor angiogenesis or lymph node
metastasis by targeting RASA1 [29, 30].

Here, we shown that the expression of miR–188 was signi�cantly increased in oxaliplatin (OXA) resistant
colon cancer cells compared with colon cancer cells. To �gure out the detail roles of miR–188 on colon
cancer chemoresistance, we performed the bioinformatics analysis to show that RASA1 was a target of
miR–188. We further examined the effects of miR–188 and its target gene RASA1 on chemoresistance of
colon cancer.

Methods
Cell culture and treatment

Human colon cancer cell line SW480 and human embryonic kidney cell line 293T were purchased from
ATCC. To induce OXA resistant SW480 cells, the cells were seeded onto 24 well plate before
chemotherapeutics treatment. Next, SW480 cells were cultured in the presence of 2.5 mM oxaliplatin
(OXA) for 24 hours followed by three days in fresh medium without a drug. This procedure was repeated
six times. Both of SW480 and SW480/OXA cells were cultured in Dulbecco Modi�ed Eagle Medium
(DMEM) with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin solution in a cell incubator at
37 °C, 5% CO2, with saturated humidity.

 

Hoechst 33342 staining
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Cells were seeded onto �bronectin coated 12 well plate, after treatment, Hoechst staining solution (5
mg/ml) was added to cells and incubated for 10 mins at room temperature. Then cells were washed with
PBS for three time. DAPI was used to stain the nuclear DNA. Images were collected by Nikon T1-SAM.

 

Real-time PCR

Total RNAs were isolated from cells using TRIzol (Invitrogen, USA) according to the manufacturer's
instruction. First stand of cDNA was synthesized by the Reverse Transcription Kit (Applied Biosystems,
USA). Real-Time PCR reaction was performed using SYBR Green PCR Master Mix (Applied Biosystems).
U6 and GAPDH were used as internal references. The relative levels were calculated by the 2-△△Ct

method. Primer sequences used in the study were: GAPDH: 5’TGTTCGTCATGGGTGTGAAC3’ (forward)
and 5’-ATGGCATGGACTGTGGTCAT3’ (reverse), RASA1: 5’CAGTGGACGAAGGTGACTCT3’ (forward)and 5’-
AGGCGTTCTTCTGCTATCGT3’ (reverse), U6: 5’ -CTCGCTTCGGCAGCACA3’ (forward) and
5’AACGCTTCACGAATTTGCGT3’ (reverse), All: 5’CTCAACTGGTGTCGTGGA3’, has-miR-188:
5’CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCCCTCCAC3’ (forward) and 5’-
ACACTCCAGCTGGGCATCCCTTGCATGGTGG3’ (reverse).

 

Luciferase activity assay

Luciferase constructs (psiECHECK-2, Promega) were made by ligating oligonucleotides containing the
wild type or mutant type of RASA1 3’UTR downstream of the luciferase gene. Cells were co-transfected
with RASA1 (WT/MUT) and NC or miR188 mimics by Lipofectamine 2000 (Invitrogen). Luciferase activity
was detected 48 hours after transfection by a luciferase reporter gene assay kit (Sigma). Experiments
were performed in triplicate in three independent experiments.

 

Cell transfection

miR-188 inhibitor, mimics, RASA1 siRNA and RASA1 overexpressed plasmid were purchased from
Shanghai GenePharma and transfected to cells by Lipofectamine 2000 according to manufacturer’s
instructions.

 

Western blot

The cells were harvested and disrupted in lysis buffer containing phosphorylase inhibitor cocktail (Roche)
and phenylmethanesulfonyl �uoride (PMSF). An equal amount (30 mg) of each protein sample was
electrophoresed on an 8-12% SDS–polyacrylamide gel and transferred onto polyvinylidene �uoride
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(PVDF) membranes. Subsequently, the membranes were incubated with speci�c antibodies after being
blocked using 5% skimmed milk powder for 1 h at room temperature. The main primary antibodies
included p21 (Abcam, ab227443, 1:1000), RASA1 (Abcam, ab2922, 1:1000), Ras-GTP (Abcam, ab69747,
1:2000) and GAPDH (Abcam, ab9485, 1:5000) were added to incubate at 4°C overnight. Goat anti-rabbit
(1:5000) or goat anti-mouse (1:5000) IgG-HRP (Sigma) were added and incubated at room temperature
for 1 h. The relative expression of the target protein was divided by an internal control.

 

Immuno�uorescence assay

Cells were seeded onto �bronectin coated 12 well plate, after treatment, cells were �xed by 4%
paraformaldehyde at room temperature for 10 mins and block by 1% BSA in PBS. The slides were
incubated with the primary antibody (RASA1, Abcam, ab2922) at room temperature for 1 hour and
washed three times with PBS. Alexa Fluor 555 goat anti-mouse secondary antibody (Abcam, ab150114)
was used. After incubation with secondary antibody at room temperature for 40 mins, the slides were
washed with PBS for three times and DAPI was used to stain the DNA.

 

Apoptosis assay

Cell apoptosis was performed by �ow cytometry. Using apoptosis Kit (Roche) according to
manufacturer’s instructions, double staining with FITC-Annexin V and propidium iodide (PI) of cells were
performed and analyzed suing a FACScan® �ow cytometer (BD, USA). Experiments were performed in
triplicate.

 

Cell cycle analysis

Cells (2×105 /well) were seeded onto 6 well plate. Twelve hours later, cells were transfected. Forty eight
hours after transfection, cells were harvested, �xed in 1 % paraformaldehyde, washed with PBS, and
stained with 5 mg/ml propidium iodide (PI) in PBS supplemented with RNase A (Roche) for 30 mins at
room temperature. The cells were analyzed using FACS Calibur �ow cytometer. One parameter histogram
was plotted according to the distribution of nuclear DNA content in each cell detected by �ow cytometer.
Cells in each individual phase of the cell cycle were determined based on their DNA ploidy pro�le.

 

Statistical analysis

The statistical analysis was performed using SPSS 15.0 (SPSS, USA) with unpaired two-tailed student’s t
test. For multivariate groups comparison, ANOVO was performed. *P<0.05, **P<0.01, ***P<0.001.



Page 6/18

Results
Inhibition of miR-188 up-regulates RASA1 expression.

To assess the association of miR-188 expression in OXA resistant SW480 cells, we performed real-time
PCR on SW480 and SW480/OXA cells. As shown in Figure 1A, the expression of miR-188 was
signi�cantly upregulated in SW480/OXA cells as compared with SW480 cells, suggesting that the
expression of miR-188 was related to drug resistant of colon cancer.

 

To further dissect the function of miR-188, we predicted miR-188 potential targeting genes in Targetscan
and miRDB database. RASA1 was among the most potential miR-188 targets in the prediction. We found
that the mRNA expression of RASA1 was reduced in SW480/OXA cells (Figure 1B). To con�rm whether
RASA1 was a direct target of miR-188, we generated luciferase reporter constructs with the 3’ UTR of
RASA1 mRNA and transfected them to 293T cells with miR-188 mimics (Figure 1C). We found that co-
transfected with miR-188 decreased luciferase activity of wild type form of RASA1, while mutation of the
binding sites did not shown signi�cant changes (Figure 1C).

 

In order to detect the regulatory effects of miR-188 on RASA1 expression, SW480 or SW480/OXA cells
were transfected with miR-188 mimics or inhibitor, we found that miR-188 mimics induced miR-188
expression, and reduced RASA1 expression, while miR-188 inhibitor reduced miR-188 expression and
increased RASA1 expression (Figure 1D-E). We also detected the expression of RASA1 by
immuno�uorescence, and the results shown that miR-188 regulated the protein expression of RASA1
(Figure 1F). Our data shown that inhibition of miR-188 could increase the expression of its target gene
RASA1 in SW480 and SW480/OXA cells.

 

Targeting miR-188 induces cell apoptosis in SW480/OXA cells.

To further detect the role of miR-188 on the apoptosis of colon cancer cells, we transfected miR-188
mimics or inhibitor to SW480 and SW480/OXA cells, the results shown that miR-188 mimics signi�cantly
decreased the expression of RASA1 and miR-188 inhibitor signi�cantly increased the expression of
RASA1 (Figure 2A). In addition, we detected the expression of the apoptosis related gene p21, and we
found that the expression of p21 was decreased in miR-188 mimics transfected cells and increased in
miR-188 inhibitor transfected cells (Figure 2A). More importantly, comparing with SW480 cells, the
expression of p21 was lower in miR-188 mimics transfected SW480/OXA cells (Figure 2A). As RASA1
suppresses the actions of RAS by enhancing the hydrolysis of weak intrinsic GTPase activity of RAS
proteins into an inactive GDP-bound form of RAS, we found that the expression of Ras-GTP was changed
following by miR-188 mimics or inhibitor transfection (Figure 2A). Our results suggested that targeted
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miR-188 induced cell apoptosis of OXA resistant colon cancer cells (Figure 2A). Moreover, both the
Hoechst 33342 staining and Annexin V assay showed that miR-188 mimics inhibited cell apoptosis and
miR-188 inhibitor promoted cell apoptosis in SW480 and SW480/OXA cellsand (Figure 2B and C). Next,
we determined the role of miR-188 on cell cycle progression, SW480 or SW480/OXA cells were
transfected with negative control, miR-188 mimics or inhibitor. As shown in Figure 2D, miR-188 mimics
reduced the G1 cell population and induced S phase percentage, while the G1 cell population was bigger
in miR-188 inhibitor transfected cells than that in negative control cells, and the S phase percentage was
smaller in miR-188 inhibitor transfected cells (Figure 2D). Our results suggesting that targeting miR-188
sensitized OXA resistant SW480 cells.

 

Overexpression of RASA1 accelerates cell apoptosis and delays cell cycle.

As a direct target of miR-188, we next determined the effect of RASA1 on colon cancer cells or OXA
resistant colon cancer cell apoptosis and cell cycle progression. We transiently transfected RASA1 over-
expressed plasmid or siRNA and the results shown that overexpression of RASA1 signi�cantly increased
RASA1, while RASA1 siRNA signi�cantly decreased RASA1 expression in both SW480 and SW480/OXA
cells (Figure 3A-B). The expression of the apoptosis related gene p21 enhanced signi�cantly in RASA1
overexpressed cells and reduced in siRASA1 transfected cells (Figure 3B). We also shown that
overexpression of RASA1 suppressed Ras-GTP and siRASA1 induced Ras-GTP in both SW480 and
SW480/OXA cells (Figure 3B). In addition, we found that RASA1 promotes cell apoptosis both in SW480
and SW480/OXA cells by Hoechst 33342 staining and Annexin V assays (Figure 3C-D) and
overexpression of RASA1 induced the expression of p21 (Figure 3B). Conversely, suppression of RASA1
by siRNA decreased the expression of p21 (Figure 3B) and reduced cell apoptosis (Figure 3C-D). We also
measured the cell cycle distribution in overexpression of RASA1 or suppression of RASA1 cells.
Overexpression of RASA1 accumulated G1 phase cells and reduced S phase cell population in both
SW480 and SW480/OXA cells (Figure 3E), while suppression of RASA1 decreased G1 percentage and
increased S phase percentage (Figure 3E). These �ndings further con�rmed that RASA1 induced cell
apoptosis of OXA resistant colon cancer cells.

 

Suppression of miR-188 promotes SW480/OXA cell apoptosis via increasing RASA1 expression.

We next con�rmed whether RASA1 could affect the effects of miR-188 on cell apoptosis and cell cycle
distribution. RASA1 and p21 was increased in miR-188 mimics induced SW480 cells by transfected with
RASA1 overexpressed plasmid and RASA1 and p21 was inhibited in miR-188 inihibitor induced
SW480/OXA cells by transfected with siRASA1 (Figure 4A). Additionally, the expression of Ras-GTP did
the reverse (Figure 4A). Hoechst 33342 staining and Annexin V assays showed that overexpression of
RASA1 enhanced cell apoptosis in miR-188 mimics induced SW480 cells while suppression of RASA1
abrogated the increasement of SW480/OXA cells apoptosis induced by miR-188 inhibitor (Figure 4B-C).
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Moreover, RASA1 increased G1 phase and decreased S phase of cell cycle in miR-188 mimics induced
SW480 cells (Figure 4D), while suppression of RASA1 decreased G1 phase and increased S phase of cell
cycle in miR-188 inhibitor induced SW480/OXA cells (Figure 4D). These results suggested that targeted
miR-188 induced SW480/OXA cell apoptosis via enhancing RASA1 expression.

Discussion
In this study, we found that miR–188 was signi�cantly up-regulated in SW480/OXA cells. miR–188
mimics caused a signi�cant inhibition of OXA-induced cell apoptosis, while blocking miR–188 increased
OXA resistant colon cancer cell apoptosis signi�cantly. Additionally, we found that miR–188 was
involved in repression of RASA1 expression through regulating its transcription. Moreover, overexpression
of miR–188 conferred OXA resistance, while down-regulation of miR–188 sensitized resistant cells to
OXA, which was blocked by inhibition of RASA1. Our �ndings may provide new therapeutic target for
colon cancer cell resistance to OXA.

Mounting evidences implicate an important role of miR–188 in cancer development. However, little is
known about its expression pattern in OXA resistant colon cancer cells. Here, we shown that the
expression of miR–188 was signi�cantly increased in OXA resistant colon cancer cells. Previous genome-
wide miRNA sequencing data of 228 colorectal cancer patients showed that six miRNAs, including miR–
188–3p were identi�ed as strong predictor of patient survival. miR–188–3p promotes colorectal cancer
cell migration both in vitro and in vivo partly through regulation of MLLT4 expression and high miR–188–
3p expression proved to be an independent prognostic factor [10]. Additionally, a previously published
study reported an involvement miR–188–5p in rectal cancer and response to neoadjuvant
radiochemotherapy [15]. Our results were partly consistent with previous studies showing that miR–188
promoted colon cancer progression. In the present study, we found that down-regulation of miR–188
promoted cell apoptosis and up-regulation of miR–188 inhibited cell apoptosis in SW480/OXA cells,
suggesting that targeting miR–188 (miR–188 inhibitor) induced cell apoptosis of OXA resistant cells.
Moreover, suppression of miR–188 induced G1 phase cell cycle arrest and increased cell apoptosis. Our
results were consistent with previous study showing that miR–188 controlled cell cycle progression via
down-regulation of multiple cyclin/CDK complexes involved in G1/S transition [31, 13]. Although miR–
188 served as a tumor suppressor and was down–regulated in multiple types of cancer, we found that
miR–188 was up-regulated in OXA resistant colon cancer and targeting miR–188 induced cell apoptosis
in OXA resistant cells.

Of many potential target genes for miR–188 predicted by TargetScan and miRDB Human database,
RASA1 was selected for the percent study. RASA1 acts as a suppressor of RAS function and enhances
the weak intrinsic GTPase activity of RAS proteins resulting in the inactive GDP-bound form of RAS, thus
involving in many biological processes [16]. Previous studies showed that RASA1 played as a tumor
suppressor in hepatocellular carcinoma [32], human bronchial epithelial cells [33], breast cancer [34] and
melanoma [35]. Recently, RASA1 was found to be signi�cantly decreased in colon cancer cells and
RASA1 was a target gene of miR–21, miR–223 and miR–335 [26] [27] [28]. Moreover, onco-microRNAs
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(micorRNA–21 and micorRNA–182) promote tumor angiogenesis or lymph node metastasis by targeting
RASA1 [29, 30]. p21, a tumor suppressive protein, is a negative regulator in the G1/S transition [36] and
down-regulation of p21 is involved in various human cancers [37]. Here, we showed that there was a
negative correlation between miR–188 and RASA1 in OXA resistant colon cancer cells. Overexpression of
RASA1 accelerated cell apoptosis, induced the expression of p21 and delayed cell cycle progression.
More importantly, miR–188 mimics reduced cell apoptosis in SW480 cells, while overexpression of
RASA1 enhanced cell apoptosis in miR–188 mimics transfected SW480 cells. In contrast, suppression of
RASA1 abrogated cell apoptosis in miR–188 inhibitor transfected SW480/OXA cells. These results
suggested that targeted miR–188 induced SW480/OXA cell apoptosis via enhancing RASA1 expression.

Conclusion
In conclusion, the �ndings of our study suggested that inhibition of miR–188 was capable of enhancing
the chemosensitivity of colon cancer cells by promoting RASA1, which provided new insights into the
treatment of OXA resistant colon cancer. Our study provided a basis for new targeted therapy in colon
cancer. This is especially important in view of drug resistance observed with colon cancer targeted drug
oxaliplatin, which is widely used clinically.
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Figure 1

Inhibition of miR-188 up-regulates RASA1 expression. A-B. RNA from SW480 or SW480/OXA cells were
extracted, real-time PCR was performed to measure the mRNA expression of miR-188 and RASA1.
***P<0.001 as compared with SW480 control group. C. Cells were co-transfected with indicated plasmids,
the luciferase activity was shown. ***P<0.001 as compared with negative control (NC) group. D-E. SW480
or SW480/OXA cells were transfected with miR-188 mimics or inhibitor, after 48 hours, cells were
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collected and RNA was extract, the mRNA expression of miR-188 and RASA1 was detected by real-time
PCR. ***P<0.001 as compared with SW480 NC group. ### P<0.001 as compared with SW480/OXA NC
group. F. Cells were treated with mimics or inhibitor, the expression of RASA1 was determined by IF. The
respective images were shown.

Figure 2

Suppression of miR-188 induces cell apoptosis in SW480/OXA cells A. SW480 or SW480/OXA cells were
transfected with miR-188 mimics or inhibitor, after 48 hours, cells were lysed and Western blot was
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performed to detect the expression of RASA1, p21 and Ras-GTP. B. Cells were treated with miR-188
mimics or inhibitor, and stained with Hoechst 33342. The respective images were shown. C. Annexin V
assay was performed and quanti�ed after cells were transfected with miR-188 mimics or inhibitor D. Cell
cycle distribution was analyzed by �ow cytometry. *** P<0.001 as compared with SW480 NC group.
###P<0.001 as compared with SW480/OXA NC group.

Figure 3
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Overexpression of RASA1 accelerates cell apoptosis and delays cell cycle. A. SW480 or SW480/OXA cells
were transfected with RASA1 plasmid or RASA1 siRNA, after 48 hours, RNA was extracted and real-time
PCR was performed. The relative mRNA expression of RASA1 was shown. B. Cells were treated as A, cells
were lysed in lysis buffer and Western blot assay was performed to detect the expression of RASA1, p21
and Ras-GTP. C. Cells were stained with Hoechst 33342. The respective images were shown. D. Annexin V
assay was performed and quanti�ed to detect the apoptosis rate after cells were transfected with RASA1
overexpressed plasmid or RASA1 siRNA. E. Cell cycle distribution was analyzed by �ow cytometry
***P<0.001 as compared with SW480 NC group. ###P<0.001 as compared with SW480/OXA NC group.

Figure 4

Suppression of miR-188 promotes SW480/OXA cell apoptosis via increasing RASA1 expression. A.
SW480 or SW480/OXA cells were co-transfected with indicated siRNA or plasmid, after 48 hours, cells
were lysed in lysis buffer and Western blot assay was performed to detect the expression of RASA1, p21
and Ras-GDP. B. Cells were stained with Hoechst 33342. The respective images were shown. C. Annexin V
assay was performed and quanti�ed after cells were co-transfected with indicated plasmid or siRNA. D.
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Cell cycle distribution was analyzed by �ow cytometry ***P<0.001 as compared with SW480-
mimics+vector group. ###P<0.001 as compared with SW480/OXA-inhibitor+siRNC group.


